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(57) Abstract 

A device for particle counting in- 
cludes means (21) for metering a volume 
of a liquid sample containing particles 
and a cylinder (33) for dosing a volume 
of a diluting liquid to a dilution chamber 
(72). The cylinder (32) has first and sec- 
ond ends and a piston (33). ,A conduit 
(18) connects a first end of the cylinder 
and the dilution chamber (72). The me- 
tering means (21) introduces the liquid 
sample in the conduit (18) and movement 
of the piston (33) towards the first end 
displaces diluting liquid and sample to 
the dilution chamber (72) which commu- 
nicates with the second end of the cylin- 
der (33) and is preferably located therein, 
whereby movement of the piston (33) to- 
wards the second end causes pressurising 
of the dilution chamber to displace di- 
luted sample from the dilution chamber 
through a particle counting means (73). 
The piston (33) has a piston rod (34) 
extending through the first cylinder end, 
whereby movement of the piston towards 
the first end causes an increase in volume 
(V2) in the cylinder on the second piston 
side that is greater than the decrease in 
volume (Vj) in the cylinder on the first 
piston side. The increase causes a low- 
ered pressure on the second piston side 
that draws air into the dilution chamber. 
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1 DILUTING AND MEASURING DEVICE FOR PARTICLE COUNTING 

The present invention concerns a diluting and measuring device 
for particle counting according to the preamble of. claim 1. 
5 This device is particularly, but not exclusively, intended for 
the counting of blood cells. 

It is known in the state of the art to count blood cells by 
causing an accurately defined volume of diluted blood sample to 

10 pass a so-called capillary, i.e., an extremely small hole, 

generally in a ruby, the hole having a diameter considerably 
larger than the size of a blood cell, typically 80jxm. A voltage 
is applied over the capillary, and, when a blood cell passes 
through the hole, the electrical resistance changes. This is 

15 because the cells can be regarded as insulators. Each change in 
resistance can be detected by suitable electronic equipment, 
and the sum of all changes detected corresponds to the number 
of blood cells having passed through the capillary. In order to 
obtain the concentration of cells in the original sample, the 

20 concentration of cells in the diluted sample is multiplied by 
the dilution factor, typically 1:40000 when counting of red 
blood cells (RBC) is concerned. It is obvious, that measuring 
of sample volumes and dilution liquid volumes must be performed 
in an accurate and repeatable way such that not only a correct 

25 degree of dilution can always be guaranteed but also a thorough 
and uniform mixing of the two volumes is ensured. 

In a typical state of the art apparatus, a syringe is employed 
for providing a defined volume (typically 5 ml) of diluting 

30 liquid, and this volume is displaced through a conduit to a 
measuring chamber. On its way to the measuring chamber, the 
diluting liquid brings with it a defined volume (typically 
25 (J.1 ) of blood sample previously introduced into the conduit. 
The blood sample mixes with and is diluted by the diluting 

35 liquid in the measuring chamber, which is, thus, also a 

dilution or mixing chamber, and a defined fraction of the 
diluted sample is further displaced through a capillary located 
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in a wall of the measuring chamber, or, in a transducer located 
within the measuring chamber. 

This state of art apparatus requires a syringe for the diluting 
5 liquid and a separate mixing/measuring chamber. It would be 
desirable, thus, to simplify the apparatus by combining the 
syringe and at least a mixing chamber. 

Also, in this state of art apparatus, the mixing between the 
10 blood sample and the diluting liquid in the measuring chamber 
is caused by turbulence when the two liquids enter the 
measuring chamber and cannot be enhanced in any way. It would 
be desirable, thus, to enhance the turbulence in the mixing 
chamber, thereby to reach a more uniform mixing of the sample 
15 and the diluting liquid. One known method to achieve turbulence 
in a liquid is to let air bubbles into a mixing chamber at the 
bottom thereof by means of a pump. Evidently, the need of a 
pump makes the apparatus more expensive and cumbersome and 
increases the need of maintenance. 

20 

The present invention has as its object to provide, on one 
hand, a possibility to combine a dosing syringe and a mixing 
chamber that may also be a measuring chamber, and on the other 
• hand a means to enhance the mixing in a mixing chamber between 
25 a sample containing particles at a relatively high 

concentration and a diluting liquid by introducing air into the 
mixing chamber without the need for a pump or the like. 

To achieve these objects, the present invention suggests, on 
30 one hand, to utilize the volumes of a syringe on either sides 
of its piston, on a first side for receiving and dispensing 
diluting liquid and on a second side for providing a mixing 
chamber that may be combined with a measuring chamber. 

35 On the other hand, the present invention suggests introducing 
air at the bottom of the mixing chamber by lowering the 
pressure in the mixing chamber, so that air is sucked into the 
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mixing chamber. Advantageously, a piston of the dosing syringe 
used for dosing the diluting liquid is also utilized for 
lowering the pressure in the mixing chamber. Preferably, the 
piston has a first side having a relatively small area for 
5 dosing the diluting liquid, and a second side having a 

relatively large area, so that a defined displacement of the 
piston in the dosing direction causes displacement of a defined 
volume of diluting liquid and an increase in volume on the ' 
second side of the piston that is greater than said defined 
10 volume. This, in" turn, creates a lowered pressure in an air 

volume on the second side of the piston which is used to suck 

air into the mixing chamber. 

< 

Embodiments of the present invention will be described 
15 hereinafter, reference being made to the annexed drawings, 
wherein: 

Fig. 1 is a schematic view showing a state of the art 
apparatus ; 

20 - Fig. 2 is a schematic view showing a second embodiment of 

the present invention employing a combined mixing and 
measuring chamber separate from a syringe; 
Fig.' 3 is a schematic view showing a first embodiment of 
the present invention employing a mixing chamber 

25 integrated in a syringe and a separate measuring chamber; 

Fig. 4 is a schematic view showing a fourth embodiment of 
the present invention employing a combined mixing and 
measuring chamber integrated in a syringe; and 
Fig. 5 is a schematic view showing a fifth, preferred 

30 embodiment of the present invention employing a combined 

mixing and measuring chamber integrated in a syringe. 

In the state of art arrangement according to Fig. l, ll is a 
syringe including a cylinder 12 and a piston 13 axially movable 
35 within the cylinder by means of a piston rod 14 extending 

through one end of the cylinder, that may be an open end. The 
opposite end of the cylinder is closed and connected to a 
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conduit 15. This conduit 15 in turn communicates with a supply 
conduit 16 for diluting liquid having a valve 17 therein, and a 
discharge conduit 18 having a valve 19 therein. In the conduit, 
18 there is also a turning valve 20, the non-shown rotatable 
5 valve body of which has a through channel 21 and is 

positionable in two different positions. In a first position 
(shown in Fig. l), the through channel communicates with a 
conduit 22 leading to a non-shown pump, and a conduit 23 
communicating with a vessel 24 containing a blood sample ^to be 
10 diluted. The blood sample in the vessel 24 may be diluted 

already to a certain extent. The discharge conduit 18 ends' in a 
- mixing and measuring chamber 25. Upon operation of the pump, 
blood sample is transported from the vessel 24 through the 
valve 20 so as to fill the through channel 21. In a second 
• 15 position of the valve body, the through channel communicates 
with the conduit 18. Since the through channel 21 contains an 
accurately defined volume, turning of the valve body to the 
second position will put this defined volume in communication 

< 

with the conduit 18 . 

20 ■ ' 

The function of the known device is as follows: The valve 17 is 
opened and the piston lowered to suck a defined volume of 
diluting liquid into the syringe. Thereafter, the valve 17 is 
. . closed and the valve 19 opened, and the piston 13 is raised 

25 thereby displacing diluting liquid through the conduit 18 

through the valve 20, the valve body of which being positioned 
in its second position so that the defined volume of blood 
sample is brought by the diluting liquid to the mixing and 
measuring chamber 25 where the very small volume of blood 

30 sample is to be mixed with and diluted by the relatively large 
volume of diluting liquid. In a wall of the chamber 25 there is 
a capillary 26 and a discharge conduit 27. 

It is evident that the only mixing occurring in the chamber 20 
35 is due to turbulence when the sample and the diluting liquid 
enter the chamber. 
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To improve the mixing of the sample and the diluting liquid, 
the present invention provides for admission of air into the 
chamber without the need for a pump or the like. 

5 In Fig. 2, reference numerals 15 - 24 are used to designate 
items corresponding to those of Fig. 1. The syringe of Fig. 1 
is replaced by a syringe 31 including a substantially vertical 
cylinder 32 having a double-acting piston 33 axially movable 
therein by means of a piston rod 34 attached to one side of the 

10 piston and seal ingly extending through a closed end of the 

cylinder. The interior of this end of the cylinder communicates 
with the conduit 15. The opposite, lower end of the cylinder, 
which is likewise closed, communicates with a combined mixing 
. and measuring chamber 35 through a conduit 36 opening in an 

15 upper closure 37. The discharge conduit 18 for diluting liquid 
extends through the closure and opens within the chamber 35. In 
a wall of the chamber is a capillary 3 8 and a discharge conduit 
39 including a metallic portion 40 constituting an electrode 
connected to an electric wire 41. A further electrode 42 is 

20 located within the chamber 35 and is connected to an electric 
wire 43. At the bottom of the chamber 35 there is a conduit 44 
having a valve 45. Also the conduit 44 may have a metallic 
portion 46 constituting an electrode connected to an electric 
wire 47. A voltage may be applied across the capillary by 

25 connecting wire 41 to one pole and either or both of wires 43, 
47 to the other pole of a suitable electronic counting 
equipment. 

The function of the apparatus of Fig. 2 is as follows: Valve 19 
30 is closed and valve 17 opened and the piston rod 34 is operated 
to lower the piston a predetermined distance from its upper 
position. A diluting liquid, typically an isotonic solution of 
NaCl when dilution of a blood sample and counting of RBC is 
concerned, is drawn from a non- shown source into the upper 
35 volume V x of the syringe 31 through conduits 16 and 15. 

Thereafter, valve 17 is closed and valve 19 opened,, and' the 
valve body of turning valve 20 is rotated so as to connect its 
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through channel 21 to conduit 18. Now the piston rod 34 is 
operated to raise the piston 33 thereby displacing the diluting 
liquid through conduits 15 and 18 and bringing along the blood 
sample from the through channel 21 to the chamber 35. 
5 Simultaneously, the lower volume V 2 of the syringe increases 
more than the upper volume V 1 decreases due to the larger 
effective piston area on the lower side of the piston. This 
leads to a lowering of the pressure in an air volume in the 
lower volume V 2 . Now the valve 45 is opened and air under 

10 atmospheric pressure is allowed to enter the conduit 44 and the 
chamber 35 at its bottom to create at least one air bubble 
raising through the mixture of blood sample and diluting liquid 
therein creating further turbulence than was the result of the 
mere introduction of the sample with the diluting liquid. This 

15 results in the desired enhanced mixing and, as a consequence, a 
more uniform distribution of the blood cells within the volume. 

The embodiment of Fig. 3 differs from that of Fig. 2 in that a 
mixing chamber is integrated in the syringe 51, simply by 

20 employing the lower volume V 2 as a mixing chamber 52 into which 
open the conduit 18 as well as an air inlet conduit 53 having a 
valve 54. A conduit 55 leads from the chamber 52 to a separate 
measuring chamber 56 having a capillary 57, a discharge conduit 
58 as well as electrodes 59 and 60 with electric wires 61, 62, 

25 respectively. Whereas the entire lower volume V 2 was dry in the 
embodiment of Fig. 2, it will contain in Fig. 3 an upper air 
volume and a lower volume of blood sample and diluting liquid 
once the piston has been raised to displace the diluting 
liquid. As before, the differential in areas of the upper and 

30 lower sides of the piston causes lowering of the pressure in 
the lower volume V 2 which is used to draw air into the mixing 
chamber 52 upon opening of the valve 54. 

The embodiment of Fig. 4 differs from that of Fig. 3 in that 
35 the syringe 71 employs its lower volume V 2 as a mixing and 

measuring chamber 72. Thus, the only difference in comparison 
to Fig. 3 is that a capillary 73 is located in the wall of the 
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syringe and has a discharge conduit 74 with an electrode 75 . At 
least one further electrode is arranged as a metallic portion 
of conduit 18 and/or conduit 53 (not shown) . 

5 Fig. 5 shows a preferred embodiment of a syringe 81 having a 
combined mixing and measuring chamber 82. Here, the conduit 18 
for introduction of the sample and the diluting liquid into the 
chamber 82 describes a substantially vertical loop 83 before 
its end is connected to the bottom end of the syringe. The loop 

10 includes a V-shaped portion having a first leg 84 and a second 
leg 85. At the bottom of the V-shape the conduit 18 
communicates with a capillary 86 located in the wall of the 
syringe. The conduit 18 has a further valve 87 between the loop 
and the syringe. At the bottom of the syringe there may be an 

15 emptying conduit 88 with a valve 89 (such conduit and valve may 
be provided on the syringes previously described as well) . At 
least one electrode is provided on each side of the capillary, 
suitably by metallic portions of the conduits connected to the 
syringe. In order to reduce the influence of air bubbles 

20 possibly adhering to the inner sides of the conduits, it is 
preferred, however, that two electrodes are provided on each 
side. Thus, one electrode 90 is arranged on the leg 84 and one 
electrode 91 is arranged on the leg 85 of the conduit 18. An 
electric wire 92 connects electrodes 90 and 91, and electric 

25 wire 93 leads away from electrode 91. Correspondingly, one 

electrode 94 is arranged on the conduit 18 between the valve 87 
and the syringe, and one electrode 95 is arranged on the 
conduit 53 between the syringe and the valve 54. An electric 
wire 96 connects electrodes 94 and 95, and an electric wire 97 

30 leads away from electrode 95. In order to prevent short- 
circuiting between the electrodes 90, 91 and 94, 95 the valve 
87 has an insulating function in its closed position. A branch 
conduit 98 leads away from the conduit 18 and has a valve 99. 

35 In operation of the embodiment of Fig. 5, the diluting liquid 

and blood sample displaced by the piston 33 through the conduit 
18 passes the loop 83 before entering the chamber 82. In 
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passing the. legs 84 and 85 of the loop, the liquid will flush 
away air bubbles possibly adhering to the inner sides of the 
legs 84, 85, particularly the portions thereof serving as 
electrodes. At this stage the valve 87 is open and the valve 99 
5 closed as are the valves 54 and 89. Due to the very small 

opening of the capillary 86, only a neglectible volume of the 
liquid will enter the chamber 82 through the capillary. 

When the predetermined volume has entered the chamber 82, the 

10 valve 54 is opened to. introduce air into the chamber 82 for 

mixing the blood sample with the diluting liquid. Thereupon the 
valve 54 is closed, the valve body of the turning valve 20 is 
brought to the position shown blocking conduit 18, the valve 
87 is closed and the valve 99 is opened. The piston 33 is 

15 lowered to press the diluted sample through the capillary 86 

and the leg 84 of the loop 83 into the conduit 18 from where it 
enters the conduit 98. In the conduit 98 there is a transparent 
portion having two light sensors 100 and 101 spaced therealong 
a distance 102 corresponding to a predetermined volume within 

20 the conduit 98. These sensors will sense a change in the 

refractive index of the liquid passing them. Since the conduit 
18 will be filled with only clear diluting liquid after having 
displaced the volume of blood sample contained within the 
through channel 21 of the turning valve 20 through the conduit 
.25 18 and into the chamber 82, the liquid first passing the 
sensors will be the transparent volume of diluting liquid 
contained in the portion of the conduit 18 between the 
capillary 86 and ^he branching point between conduits 18 and 
98. As soon as liquid having another refractive index, i.e. 

30 diluted blood sample, passes the first sensor, the blood cell 

counting starts, and as soon as the same change is indicated at 
the second sensor, the counting stops. The result obtained is 
the number of blood cells contained within the defined volume 
(typically 200 - 400 jil) between the sensors 100 and 101, and 

35 this number is divided by the predetermined volume to obtain 
the concentration in the sample. It is now easy to determine 
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the concentration of blood cells in the original, undiluted 
blood sample by multiplying by the dilution factor. 
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CLAIMS 

1. A diluting and measuring device for particle counting, 
including metering means (21) for metering a defined volume of 
5 a liquid sample containing particles, dosing means (31; 51; 71; 
81) for dosing a defined volume of a diluting liquid for 
diluting said defined volume of said sample, and a dilution 
chamber (35; 52; 72; 82), said dosing means including a 
cylinder (32) having a first and a second end and a piston (33) 
10 ' axially movable in said cylinder and having a first and a 
"second piston side, 
characterized by 

- first conduit means (18) connecting said first end of said 
cylinder and said dilution chamber (35; 52; 72; 82) , said 

15 metering means (21) being adapted to introduce said defined 

volume of said liquid sample in said first conduit means (18) , 
whereby movement of said piston (33) towards said first end 
causes displacement of said defined volume of said diluting 
liquid through said first conduit means (18) to said dilution 

20 chamber (35; 52; 72; 82), thereby bringing along said defined 
volume of said sample to be diluted by said diluting liquid in 
said dilution chamber; 

- said dilution chamber (35; 52; 72; 82) communicating with 
said second end of said cylinder (32) , whereby movement of said 

25 piston. (33) towards said second end causes pressurising of said 
dilution chamber to displace diluted sample from said dilution 
chamber through a particle counting means (38; 57; 73; 86) 
communicating with said dilution chamber. 

30 2. A particle counting device according to claim 1, 

characterized in that said particle counting 
means (38; 57; 73; 86) is located in a wall of said dilution 
chamber (35; 52; 72; 82) which is also a measuring chamber. 

35 3. A particle counting device according to claim 1, . 

characterized in that said particle counting 
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means (57) is located in a wall of a separate measuring chamber 

> 

(56) communicating with said dilution chamber (52) . 

4. A particle counting device according to claim 1 or 2, 

5 characterized in that said dilution chamber 

(52; 72; 82) comprises said second end of said cylinder (32). 

5. ' A particle counting device according to claim 4, 
characterized in that said first conduit means 

10 (18) describes a substantially vertical loop (83) connected to 
said cylinder (32) such that the interior of the cylinder on 
said second piston side (v 2 ) communicates with said first 
conduit means (18) through said particle counting means (86) . 

15 6. A particle counting device according to claim 5, 

characterized in that said loop (83) includes a 
first (84) and a second leg (85) joined in a position where 
said first conduit means (18) is connected to said cylinder 
(32), that said first leg (84) ascends towards said position 

20 and said second leg (85) ascends from said position, and that 
at least one of said legs (84,85) includes an electrically 
conducting portion (90,91) constituting first electrode means 
electrically connected to liquid within said first conduit 
means (18) . 

25 

7. A particle counting device according to claim 6, 
characterized in that at least one second 
electrode means (94,95) is provided being electrically 
connected to liquid within said cylinder on said second piston 

30 side (V 2 ) . 

8. A particle counting device according to claim 7, 
characterized in that said second electrode 
means is constituted by an electrically conducting portion 

35 (94,95) of at least one second conduit means (53). 
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9. A particle counting device according to claim 1, 
characterized in that said piston (33) is 
operable by means of a piston rod (34) connected to said first 
piston side and extending through said first cylinder end, 

5 whereby movement of said piston towards said first end causes 
an increase in volume (V 2 ) in said cylinder on said second 
piston side that is greater than the decrease in volume (V x ) in 
said cylinder on said first piston side, said increase causing 
a lowered pressure in an. air volume on said second piston side, 
10 said cylinder being provided with means (44,45; 53,54/ 88,89) 
for letting atmospheric air into said cylinder at its second 
end to equalize said lowered pressure . 

10. A particle counting device according to claim 9, 

15 characterized in that said means for letting 

atmospheric air into said cylinder opens in a lower, portion of 
said dilution chamber (35; 52; 72; 82) located below a. common 
liquid level of said defined volume of said diluting liquid and 
said defined volume of said sample contained within said 
- 20 dilution chamber. 
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